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COMPOSITION FOR INSULATOR,
INSULATOR, AND THIN FILM TRANSISTOR

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application Nos. 10-2013-0115353 and
10-2014-0077501 filed in the Korean Intellectual Property
Office on Sep. 27, 2013, and Jun. 24, 2014, respectively, the
entire contents of each which are incorporated herein by
reference.

BACKGROUND

1. Field

Example embodiments relate to an insulating composi-
tion, an insulator including the same, and a thin film tran-
sistor including the insulator.

2. Description of the Related Art

A flat panel display (e.g., a liquid crystal display (LCD),
an organic light emitting diode (OLED) display, and/or an
electrophoretic display) includes a pair of electric field-
generating electrodes and an electrical optical active layer
interposed therebetween. The liquid crystal display (LCD)
includes a liquid crystal layer as an electric optical active
layer, and the organic light emitting diode (OLED) display
includes an organic emission layer as an electrical optical
active layer.

One of the pair of the electric field-generating electrodes
is commonly connected to a switching device and receives
an electrical signal, and the electrical optical active layer
transforms the electrical signal into an optical signal and
thus displays an image.

The flat panel display includes a thin film transistor panel
having a thin film transistor (TFT), which is a three-terminal
element as a switching device, a gate line transmitting a scan
signal for controlling the thin film transistor, and a data line
transmitting a signal applied to a pixel electrode.

The thin film transistor may have characteristics, for
example, mobility, a leakage current, and an lon/Ioff ratio,
and/or performance of a gate insulator, determined by vari-
ous factors.

SUMMARY

Example embodiments provide an insulating composition
applied as a gate insulator having high reliability.

Example embodiments provide an insulator formed of the
insulating composition.

Example embodiments provide a thin film transistor
including the insulator.

According to example embodiments, an insulating com-
position may include a nanoparticle-polyorganosiloxane
composite, a cross-linking agent, and a solvent.

The nanoparticle-polyorganosiloxane composite may
include a nanoparticle and a polyorganosiloxane chemically
bonded in a three-dimensional network structure. The nano-
particle-polyorganosiloxane composite may have a core-
shell structure including a nanoparticle and a polyorganosi-
loxane surrounding the nanoparticle.

The nanoparticle-polyorganosiloxane composite may be
obtained through a condensation/polymerization reaction of
the nanoparticle in a sol state with at least one silicon
monomer. A nanoparticle of the nanoparticle-polyorganosi-
loxane composite may include a metal oxide. The metal
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oxide may be one of silica, titania, barium titanate, zirconia,
barium sulfate, alumina, hathium oxide, and a combination
thereof.

A polyorganosiloxane of the nanoparticle-polyorganosi-
loxane composite may include a functional group that is
capable of reacting with the cross-linking agent. A polyor-
ganosiloxane of the nanoparticle-polyorganosiloxane com-
posite includes one of a photopolymerizable functional
group, a thermally polymerizable functional group, and a
combination thereof.

The polyorganosiloxane of the nanoparticle-polyor-
ganosiloxane composite may be represented by the follow-
ing Chemical Formula 1.

RIRIR8I0,5)ARRSi0,,5)p(RESi035) f(SifThergical Formula 1]

In the above Chemical Formula 1,

R! to R® may each be independently one of hydrogen, a
substituted or unsubstituted C, to C;, alkyl group, a substi-
tuted or unsubstituted C; to C;, cycloalkyl group, a substi-
tuted or unsubstituted Cg to C, aryl group, a substituted or
unsubstituted C, to C,, arylalkyl group, a substituted or
unsubstituted C, to C;, heteroalkyl group, a substituted or
unsubstituted C, to C,, heterocycloalkyl group, a substituted
or unsubstituted C, to C;, alkenyl group, a substituted or
unsubstituted C, to C;, alkynyl group, a substituted or
unsubstituted C, to C,, alkoxy group, a substituted or
unsubstituted C, to C;, epoxy group, a substituted or unsub-
stituted C, to C,, carbonyl group, a hydroxy group, and a
combination thereof,

0=M<1, 0=D<1, 0=7<1, 0=Q<1, and

M+D+T+0=1.

At least one of the R! to R® may be one of a substituted
or unsubstituted C, to C;, alkenyl group, a substituted or
unsubstituted C, to C;, epoxy group, and a combination
thereof. The nanoparticle-polyorganosiloxane composite
may have an average particle diameter of about 2 nm to
about 200 nm.

The cross-linking agent may include one of a photo
cross-linking agent, a thermal cross-linking agent, and a
combination thereof. The insulating composition may fur-
ther include at least one of a photo initiator, a photo acid
generator, and a dispersing agent.

The cross-linking agent may be included in an amount of
about 1 to about 50 parts by weight based on 100 parts by
weight of the nanoparticle-polyorganosiloxane composite.

According to example embodiments, an insulator may
include the insulating composition.

According to example embodiments, a thin film transistor
may include a gate electrode, a semiconductor overlapping
the gate electrode, the insulator between the gate electrode
and the semiconductor, and a source electrode and a drain
electrode electrically connected to the semiconductor.

The semiconductor may be an organic semiconductor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing a nanoparticle-
polyorganosiloxane composite according to example
embodiments,

FIG. 2 is a schematic view enlarging a region “A” in FIG.
15

FIG. 3 is a cross-sectional view showing a thin film
transistor panel according to example embodiments,

FIG. 4 is a graph showing insulation strength of a thin film
transistor according to Preparation Example 1,
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FIG. 5 is a graph showing insulation strength of a thin film
transistor according to Comparative Preparation Example 1,
and

FIG. 6 is a graph showing insulation strength of a thin film
transistor according to Comparative Preparation Example 2.

DETAILED DESCRIPTION

The present disclosure will be described more fully here-
inafter with reference to the accompanying drawings, in
which example embodiments are shown. However, this
disclosure may be embodied in many different forms and is
not construed as limited to the example embodiments set
forth herein.

In the drawings, the thickness of layers, films, panels,
regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it may be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another
element, there are no intervening elements present.

It should be understood that, although the terms first,
second, third, etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers, and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer, or
section from another region, layer, or section. Thus, a first
element, component, region, layer, or section discussed
below could be termed a second element, component,
region, layer, or section without departing from the teach-
ings of example embodiments.

Spatially relative terms (e.g., “beneath,” “below,”
“lower,” “above,” “upper,” and the like) may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It should be understood that the spatially
relative terms are intended to encompass different orienta-
tions of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
in the figures is turned over, elements described as “below”
or “beneath” other elements or features would then be
oriented “above” the other elements or features. Thus, the
term “below” may encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The terminology used herein is for the purpose of describ-
ing various embodiments only and is not intended to be
limiting of example embodiments. As used herein, the
singular forms “a,” “an,” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“includes,” “including,” “comprises,” and/or “comprising,”
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

Example embodiments are described herein with refer-
ence to cross-sectional illustrations that are schematic illus-
trations of idealized embodiments (and intermediate struc-
tures) of example embodiments. As such, variations from the
shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
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expected. Thus, example embodiments should not be con-
strued as limited to the shapes of regions illustrated herein
but are to include deviations in shapes that result, for
example, from manufacturing.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which example embodiments belong. It will be further
understood that terms, including those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.

Hereinafter, an insulating composition according to
example embodiments is described. An insulating compo-
sition according to example embodiments includes a nano-
particle-polyorganosiloxane composite, a cross-linking
agent, and a solvent.

The nanoparticle-polyorganosiloxane composite is a
material forming a three dimensional network structure
through a chemical bond between the nanoparticle and the
polyorganosiloxane, for example, a structure shown in
FIGS. 1 and 2.

FIG. 1 is a schematic view showing a nanoparticle-
polyorganosiloxane composite according to example
embodiments, and FIG. 2 enlarges a region “A” in FIG. 1.

Referring to FIG. 1, a nanoparticle-polyorganosiloxane
composite 10 according to example embodiments includes a
plurality of nanoparticles 11 and polyorganosiloxane 12
chemically bonded with each nanoparticle 11 and randomly
disposed therein. The nanoparticle 11 may have, for
example, a spherical shape, and the polyorganosiloxane 12
may include a chain structure and/or a net structure. The
nanoparticle 11 and the polyorganosiloxane 12 form a three-
dimensional network structure through a chemical bond.

Referring to FIG. 2, each nanoparticle 11 has a plurality
of bonding sites and is chemically bonded with the polyor-
ganosiloxane 12. For example, each nanoparticle-polyor-
ganosiloxane composite 10 may have a core-shell structure
where the polyorganosiloxane 12 surrounds the nanoparticle
11, but is not limited thereto.

The nanoparticle-polyorganosiloxane composite 10 may
be, for example, obtained through a condensation/polymer-
ization reaction of nanoparticles in a sol state (hereinafter
referred to as a “‘nano sol”) with at least one silicon
monomer.

The nano sol may have reaction sites on the surface of the
nano particles, and for example, at least one hydroxy group,
alkoxy group, halogen, carboxyl group, or combination
thereof capable of causing the condensation reaction.

The nanoparticles have no particular limit as long as the
particles have an average particle diameter of several to tens
of nanometers, and may be, for example, a metal oxide. The
metal oxide may be, for example, silica, titania, barium
titanate, zirconia, sulfuric acid, barium, alumina, hafnium
oxide, or a combination thereof, but is not limited thereto.

The silicon monomer may be a substituted or unsubsti-
tuted silane monomer, for example, at least one monomer
represented by R'R?R3SiZ', at least one monomer repre-
sented by R*R’SiZ>Z7>, at least one monomer represented by
RSiZ*Z°75, and/or at least one monomer represented by
Siz7787°7'°.

Herein, R to RS are independently hydrogen, a substi-
tuted or unsubstituted C, to C;, alkyl group, a substituted or
unsubstituted C; to C;, cycloalkyl group, a substituted or
unsubstituted Cg to C;, aryl group, a substituted or unsub-
stituted C, to C;, arylalkyl group, a substituted or unsub-
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stituted C, to C;, heteroalkyl group, a substituted or unsub-
stituted C, to C,, heterocycloalkyl group, a substituted or
unsubstituted C, to C;, alkenyl group, a substituted or
unsubstituted C, to C;, alkynyl group, a substituted or
unsubstituted C, to C;, alkoxy group, a substituted or
unsubstituted C, to C,, epoxy group, a substituted or unsub-
stituted C, to C,, carbonyl group, a hydroxy group, or a
combination thereof, and Z" to Z*° are independently a C, to
C, alkoxy group, a hydroxy group, a halogen, a carboxyl
group, or a combination thereof.

At least one of the R' to R® may include a photopolymer-
izable functional group, a thermally polymerizable func-
tional group, or a combination thereof, for example, at least
one substituted or unsubstituted C, to C,, alkenyl group, at
least one substituted or unsubstituted C, to C;, alkoxy
group, or a combination thereof.

The silicon monomer may have a condensation-polymer-
ization reaction with reaction sties of the nano sol and is
bonded therewith, and simultaneously, may form a polyor-
ganosiloxane having a chain and/or network structure
through hydrolysis and condensation-polymerization among
themselves. Accordingly, the nanoparticle and the polyor-
ganosiloxane may be chemically bonded, obtaining a nano-
particle-polyorganosiloxane composite having a network
structure.

The polyorganosiloxane of the nanoparticle-polyor-
ganosiloxane composite may have, for example, a structure
represented by the following Chemical Formula 1.

(R'R’R?SI0,5)3R*R810,/,)n(R°Si03,5) 1(Sif0ihe)pical Formula 1]

In the above Chemical Formula 1,

R' to R® are independently hydrogen, a substituted or
unsubstituted C, to C;, alkyl group, a substituted or unsub-
stituted C; to C;, cycloalkyl group, a substituted or unsub-
stituted C, to C,, aryl group, a substituted or unsubstituted
C, to C;, arylalkyl group, a substituted or unsubstituted C,
to C;, heteroalkyl group, a substituted or unsubstituted C, to
C;, heterocycloalkyl group, a substituted or unsubstituted
C, to C;, alkenyl group, a substituted or unsubstituted C, to
C,, alkynyl group, a substituted or unsubstituted C, to C;,
alkoxy group, a substituted or unsubstituted C, to C;, epoxy
group, a substituted or unsubstituted C, to C,, carbonyl
group, a hydroxy group, or a combination thereof,

0=M<1, 0=D<1, 0=7<1, 0=Q<1, and

M+D+T+0=1.

The polyorganosiloxane of the nanoparticle-polyor-
ganosiloxane composite may include a photopolymerizable
functional group, a thermally polymerizable functional
group, or a combination thereof and at least one of R* to R°
like the above monomer. For example, at least one of R* to
R® may include a substituted or unsubstituted C, to C,,
alkenyl group, at least one substituted or unsubstituted C, to
C;, alkoxy group, or a combination thereof.

The photopolymerizable functional group and/or the ther-
mally polymerizable functional group are bonded with a
previously-described cross-linking agent through photo-cur-
ing or thermal curing, and may form a denser network
structure during formation of a thin film.

The nanoparticle-polyorganosiloxane composite may
have a larger average particle diameter than the nanoparticle,
and for example, may have an average particle diameter of
about 2 nm to about 200 nm.

The cross-linking agent may include, for example, a photo
cross-linking agent, a thermal cross-linking agent, or a
combination thereof. The photo cross-linking agent may be,
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for example, a (meth)acrylate compound (e.g., pentaeryth-
ritoltriacrylate). The thermal cross-linking agent may be, for
example, an ether compound (e.g., trimethylolpropanetri-
glycidylether, 1,4-butanedioldivinylether, tri(ethylene gly-
col)divinylether, trimethylolpropanetrivinylether, 1,4-cyclo-
hexanedimethanoldivinylether, or a combination thereof).

The solvent is not particularly limited, and may be, for
example, an aliphatic hydrocarbon solvent (e.g., hexane); an
aromatic hydrocarbon solvent (e.g., anisole, mesitylene,
and/or xylene); a ketone based solvent (e.g., methylisobu-
tylketone, 1-methyl-2-pyrrolidinone, and/or acetone); an
ether based solvent (e.g., cyclohexanone, tetrahydrofuran,
and/or isopropylether); an acetate based solvent (e.g., ethy-
lacetate, butylacetate, and/or propylene glycolmethylether-
acetate); an alcohol-based solvent (e.g., isopropylalcohol
and/or butanol); an amide-based solvent (e.g., dimethylac-
etamide and/or dimethylformamide); a silicone-based sol-
vent; or a combination thereof.

The cross-linking agent may be included in an amount of
about 1 to about 50 parts by weight based on 100 parts by
weight of the nanoparticle-polyorganosiloxane composite,
and specifically, about 10 to about 50 parts by weight within
the range. The nanoparticle-polyorganosiloxane and the
cross-linking agent may be included in an amount of about
5 to about 70 wt % based on the total amount of the
insulating composition including the solvent, and specifi-
cally, about 5 to about 50 wt % within the range.

The insulating composition may further include at least
one of a photo initiator, a photo acid generator, and a
dispersing agent.

The insulating composition is coated and cured on a
substrate or a lower layer into an insulator.

The insulator is an organic/inorganic composite insulator
and has improved insulation strength, dielectric constant,
and heat and chemical resistance compared with an organic
insulator. In addition, the insulator as an organic/inorganic
composite insulator may be simply formed in a solution
process, unlike an inorganic insulator.

Furthermore, the insulator includes a nanoparticle-poly-
organosiloxane composite having a three-dimensional net-
work structure, and may form a more uniform and rigid film
compared with the organic/inorganic composite insulator in
which nanoparticles are simply dispersed in a polymer. In
addition, the insulator may form a denser and more rigid film
having a network structure due to a cross-linking bond
between the nanoparticle-polyorganosiloxane composite
and the cross-linking agent. Accordingly, when the insulator
is used as a gate insulator for a thin film transistor, a leakage
current may be reduced due to improved film properties and
relatively high insulation strength, and characteristics of the
thin film transistor may be improved.

The insulator may be used in a field requiring insulation
characteristics of an electronic device, for example, as a gate
insulator, a dielectric material, and/or a filler.

Hereinafter, a thin film transistor including the insulator is
described. FIG. 3 is a cross-sectional view showing a thin
film transistor according to example embodiments.

Referring to FIG. 3, a thin film transistor according to
example embodiments includes a gate electrode 124 dis-
posed on a substrate 110, a semiconductor 154 overlapping
the gate electrode 124, a gate insulator 140 interposed
between the gate electrode 124 and the semiconductor 154,
and a source electrode 173 and a drain electrode 175 that are
electrically connected to the semiconductor 154.

The substrate 110 may be made of, for example, trans-
parent glass, silicon, or a polymer. The gate electrode 124 is
connected to a gate line (not shown) transmitting a data
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signal, and may be made of, for example, gold (Au), copper
(Cuw), nickel (Ni), aluminum (Al), molybdenum (Mo), chro-
mium (Cr), tantalum (Ta), titanium (Ti), an alloy thereof,
and a combination thereof, but is not limited thereto.

The semiconductor 154 may be an organic semiconductor
or an inorganic semiconductor, and is, for example, an
organic semiconductor. The organic semiconductor may be,
for example, at least one selected from pentacene and a
precursor thereof, tetrabenzoporphyrin and a derivative
thereof, polyphenylenevinylene and a derivative thereof,
polyfluorene and a derivative thereof, polythienylenevi-
nylene and a derivative thereof, polythiophene and a deriva-
tive thereof, polythienothiophene and a derivative thereof,
polyarylamine and a derivative thereof, phthalocyanine and
a derivative thereof, metallized phthalocyanine and a halo-
genated derivative thereof, perylenetetracarboxylic dianhy-
dride (PTCDA), naphthalenetetracarboxylic dianhydride
(NTCDA) or an imide derivative thereof, perylene or coro-
nene and substituent-containing derivatives thereof, but is
not limited thereto.

The gate insulator 140 may be formed of the above
insulating composition, for example, by coating the above
insulating composition and then photo-curing and/or ther-
mally curing it.

The source electrode 173 and the drain electrode 175 face
each other with the semiconductor 154 therebetween, and
are electrically connected to semiconductor 154. The source
electrode 173 is connected to a data line (not shown)
transmitting a data signal. The source electrode 173 and the
drain electrode 175 may be, for example, made of gold (Au),
copper (Cu), nickel (Ni), aluminum (Al), molybdenum
(Mo), chromium (Cr), tantalum (Ta), titanium (T1), an alloy
thereof and a combination thereof, but are not limited
thereto.

The thin film transistor may be applied to various elec-
tronic devices, for example, a semiconductor device, a flat
panel display, an energy device, and a sensor. The electronic
device may include, for example, a liquid crystal display
(LCD), an organic light emitting diode (OLED) device, a
solar cell, and an organic sensor.

Hereinafter, the present disclosure is illustrated in more
detail with reference to examples. However, these are
examples, and the present disclosure is not limited thereto.

Synthesis of Nanoparticle-Polyorganosiloxane
Composite

Synthesis Example 1

500 g of an aqueous alkaline silica sol is passed through
a column charged with a strongly acidic cation exchange
resin, obtaining an acidic silica sol having pH 2. 500 g of the
acidic silica sol is put in a reactor equipped with a reflux
cooler that is capable of agitation and made of a glass
material, 1000 g of methanol is added thereto, and the
mixture is diluted. Subsequently, 11 g of glycidoxypropyl-
trimethoxysilane is added thereto, the mixture is agitated at
room temperature for 1 hour, and then heated and reacted at
95° C. for 6 hours to perform a silica surface treatment.
Then, the surface-treated silica sol is distillated under a
reduced pressure of 50 cm Hg at 80° C. and concentrated to
500 g by removing a part of water included therein. The
distillation under reduced pressure is additionally performed
four times under the same conditions after diluting the silica
sol by adding 1000 g of methanol thereto until the amount
of water therein decreases to less than or equal to 1 wt %.
Then, 43 g of methyltrimethoxysilane, 89 g of glycidoxy-
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propyltrimethoxysilane, 183 g of 3-(methacryloxypropyl)
trimethoxysilane, 86 g of diethoxydiphenylsilane, and 66 g
of tetracthoxysilane are added thereto, and the mixture is
agitated at room temperature for 1 hour. Following this, 56
g of a hydrochloric acid aqueous solution with a concentra-
tion of 0.1 N is added thereto in a dropwise fashion for 2
hours, and the mixture is additionally agitated at room
temperature for 2 hours to perform a hydrolysis reaction.
The temperature of the resultant is then increased to 80° C.
and the resultant is reacted for 36 hours to perform conden-
sation and polymerization, obtaining a silica-polyorganosi-
loxane composite with silica positioned in the core and
polyorganosiloxane condensed and polymerized as a shell
around the silica.

Subsequently, 335 g of propylene glycolmonomethylether
acetic acid is added to the silica-polyorganosiloxane com-
posite for dilution, and the diluted mixture is distillated
under reduced pressure of 60 cm Hg at 60° C. to remove a
byproduct, obtaining a silica-polyorganosiloxane composite
dispersed in the propylene glycolmonomethyletheracetic
acid.

When the silica-polyorganosiloxane composite is mea-
sured in a GPC method, its weight average molecular weight
is 2200, PDI is 1.2, viscosity is 9.2 cPs at 20° C., and pH is
5.

Preparation of Composition for Insulator
Example 1

0.75 g of pentaerythritol triacrylate and 0.075 g of trim-
ethylpropanetriglycidylether are added to 1.67 g (35 wt %)
of the silica-polyorganosiloxane composite dispersed in
glycolmonomethyletheracetic acid according to Synthesis
Example 1, and the mixture is ball-milled for one hour,
preparing an insulating composition.

Comparative Example 1

20 g of methacryloxypropyl trimethoxysilane is put in a
flask, a solution obtained by diluting a predetermined or
given amount of hydrochloric acid in deionized water
(0.001021 mol of hydrochloric acid per cc of water) is added
thereto, and the mixture is reacted at room temperature for
30 minutes. Subsequently, 100 ml of tetrahydrofuran and
100 ml of diethylether are added thereto to complete the
reaction. The solution is moved to a separatory funnel and
then cleaned three times with 30 ml of water, and a volatile
material therein is removed under a reduced pressure,
obtaining colorless polyorganosiloxane. Subsequently, the
polyorganosiloxane and tetrabutoxy titanate (Ti(OC,H,),)
as a nanoparticle are mixed in a weight ratio of 70:30, and
the mixture is dissolved in butanol, preparing an insulating
composition in which the nanoparticles are dispersed in the
polyorganosiloxane.

Comparative Example 2

43 g of methyltrimethoxysilane, 89 g of glycidoxypropy-
Itrimethoxysilane, 183 g of 3-(methacryloxypropyl)
trimethoxysilane, 86 g of diethoxydiphenylsilane, and 66 g
of tetraethoxysilane are put in a flask and agitated at room
temperature. Subsequently, 56 g of a hydrochloric acid
aqueous solution is added thereto to be in a concentration of
0.1 N in a dropwise fashion for 2 hours, and the mixture is
agitated at room temperature for 2 hours to perform a
hydrolysis reaction. The resultant is then heated to 80° C.
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and maintained at the temperature for 36 hours to perform
condensation and polymerization, obtaining a polyorganosi-
loxane compound. Then, 5.01 g (35 wt %) of the polyor-
ganosiloxane compound dispersed in the propylene glycol-
monomethyletheracetic acid, 5.99 g of pentaerythritol
triacrylate, and 0.23 g of trimethylpropanetriglycidylether
are added thereto, and the mixture is ball-milled for 1 hour,
preparing an insulating composition.

Manufacture of Thin Film Transistor

Preparation Example 1

Molybdenum is sputtered on a glass substrate, and then
photolithography is performed to form a gate electrode.
Subsequently, the insulating composition according to
Example 1 is spin-coated thereon, pre-annealed at 90° C. for
2 minutes, and radiated using a 200 W high pressure
mercury lamp having a wavelength region of 240 to 400 nm
for one minute.

A pentacene derivative is then vacuum-deposited thereon,
forming an organic semiconductor. Subsequently, gold (Au)
is sputtered on the organic semiconductor, and photolithog-
raphy is performed to form a source electrode and a drain
electrode, manufacturing a thin film transistor.

Comparative Preparation Example 1

A thin film transistor is manufactured according to the
same method as Preparation Example 1, except for using the
insulating composition according to Comparative Example
1 instead of the insulating composition according to
Example 1.

Comparative Preparation Example 2

A thin film transistor is manufactured according to the
same method as Preparation Example 1, except for using the
insulating composition according to Comparative Example
2 instead of the insulating composition according to
Example 1.

Evaluation

Characteristics of the thin film transistors according to
Preparation Example 1 and Comparative Preparation
Examples 1 and 2 are evaluated. The characteristics of the
thin film transistors thin film transistor include insulation
strength, charge mobility, and 1,,/I,,; ratio.

FIG. 4 is a graph showing the insulation strength of the
thin film transistor according to Preparation Example 1, FIG.
5 is a graph showing the insulation strength of the thin film
transistor according to Comparative Preparation Example 1,
and FIG. 6 is a graph showing the insulation strength of the
thin film transistor according to Comparative Preparation
Example 2.

Referring to FIGS. 4 to 6, the thin film transistor accord-
ing to Preparation Example 1 shows improved insulation
strength and thus higher electrical reliability compared with
the thin film transistors according to Comparative Prepara-
tion Examples 1 and 2.

The following Table 1 shows charge mobility and L,,/1, -
ratio of the thin film transistors according to Preparation
Example 1 and Comparative Preparation Examples 1 and 2.

10

15

30

40

45

TABLE 1
Charge mobility
(ecm2/V - 5) L,/L gratio
Preparation Example 1 1.5 6.86 x 10¢
Comparative Preparation Example 1 0.8 4.22 x 108
Comparative Preparation Example 2 0.9 1.5 % 16

Referring to Table 1, the thin film transistor according to
Preparation Example 1 shows improved charge mobility and
L,,/1,4 ratio compared with the thin film transistors accord-
ing to Comparative Preparation Examples 1 and 2.

While this disclosure has been described in connection
with what is presently considered to be practical example
embodiments, it is to be understood that the disclosure is not
limited to the disclosed embodiments, but, on the contrary,
is intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. An insulating composition comprising:

a nanoparticle-polyorganosiloxane composite having a
core-shell structure including a nanoparticle and a
polyorganosiloxane surrounding the nanoparticle;

a cross-linking agent; and

a solvent wherein the polyorganosiloxane of the nanopar-
ticle-polyorganosiloxane composite includes a func-
tional group that is capable of reacting with the cross-
linking agent.

2. The insulating composition of claim 1, wherein the
nanoparticle and the polyorganosiloxane of the nanopar-
ticle-polyorganosiloxane composite are chemically bonded
in a three-dimensional network structure.

3. The insulating composition of claim 1, wherein the
nanoparticle-polyorganosiloxane composite is obtained
through a condensation/polymerization reaction of the nano-
particle in a sol state with at least one silicon monomer.

4. The insulating composition of claim 1, wherein the
nanoparticle of the nanoparticle-polyorganosiloxane com-
posite includes a metal oxide.

5. The insulating composition of claim 4, wherein the
metal oxide includes one of silica, titania, barium titanate,
zirconia, barium sulfate, alumina, hafnium oxide, and a
combination thereof.

6. The insulating composition of claim 1, wherein the
polyorganosiloxane of the nanoparticle-polyorganosiloxane
composite includes one of a photopolymerizable functional
group, a thermally polymerizable functional group, and a
combination thereof.

7. The insulating composition of claim 1, wherein the
polyorganosiloxane of the nanoparticle-polyorganosiloxane
composite has a structure represented by the following
Chemical Formula 1:

RIRIR8I0,5)ARRSi0,,5)p(RESi035) f(SifThergical Formula 1]

wherein, in the above Chemical Formula 1,

R! to RS are each independently one of hydrogen, a
substituted or unsubstituted C; to C;, alkyl group, a
substituted or unsubstituted C; to C;,, cycloalkyl group,
a substituted or unsubstituted Cy to C,, aryl group, a
substituted or unsubstituted C, to C;, arylalkyl group,
a substituted or unsubstituted C,; to C;, heteroalkyl
group, a substituted or unsubstituted C, to C;, hetero-
cycloalkyl group, a substituted or unsubstituted C, to
C;, alkenyl group, a substituted or unsubstituted C, to
C;, alkynyl group, a substituted or unsubstituted C, to
C,, alkoxy group, a substituted or unsubstituted C, to
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C;, epoxy group, a substituted or unsubstituted C,; to
C,, carbonyl group, a hydroxy group, and a combina-
tion thereof,

0=M<1, 0sD<1, 0=T<1, 0=Q<1 and

M+D+T+0=1.

8. The insulating composition of claim 7, wherein at least
one of the R' to R® is one of a substituted or unsubstituted
C, to C;, alkenyl group, a substituted or unsubstituted C, to
C,, epoxy group, and a combination thereof.

9. An insulator comprising a cured product of the insu-
lating composition of claim 1.

10. A thin film transistor, comprising:

a gate electrode;

a semiconductor overlapping the gate electrode;

the insulator according to claim 9 between the gate
electrode and the semiconductor; and

a source electrode and a drain electrode electrically con-
nected to the semiconductor.

11. The thin film transistor of claim 10, wherein the

semiconductor is an organic semiconductor.

12. An insulating composition comprising:

a nanoparticle-polyorganosiloxane composite having an
average particle diameter of about 2 nm to about 200
nm;

a cross-linking agent; and

a solvent.
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13. The insulating composition of claim 1, wherein the
cross-linking agent includes one of a photo cross-linking
agent, a thermal cross-linking agent, and a combination
thereof.

14. The insulating composition of claim 1, further com-
prising:

at least one of a photo initiator, a photo acid generator, and

a dispersing agent.

15. The insulating composition of claim 1, wherein the
cross-linking agent is included in an amount of about 1 to
about 50 parts by weight based on 100 parts by weight of the
nanoparticle-polyorganosiloxane composite.

16. The insulating composition of claim 12, wherein the
nanoparticle-polyorganosiloxane composite includes a
nanoparticle and a polyorganosiloxane chemically bonded
in a three-dimensional network structure.

17. The insulating composition of claim 12, wherein the
nanoparticle-polyorganosiloxane composite is obtained
through a condensation/polymerization reaction of a nano-
particle in a sol state with at least one silicon monomer.

18. An insulator comprising a cured product of the insu-
lating composition of claim 12.

19. A thin film transistor, comprising:

a gate electrode;

a semiconductor overlapping the gate electrode;

the insulator according to claim 18 between the gate

electrode and the semiconductor; and

a source electrode and a drain electrode electrically con-

nected to the semiconductor.
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